HSF access to heat shock elements in vivo depends critically on promoter architecture defined by GAGA factor, TFIID, and RNA polymerase II binding sites.
Chromatin structure can modulate gene expression by limiting transcription factor access to gene promoters. We examined sequence elements of the Drosophila hsp70 promoter for their ability to facilitate the binding of the transcription factor, heat shock factor (HSF), to chromatin. We assayed HSF binding to various transgenic heat shock promoters in situ by measuring amounts of fluorescence at transgenic loci of polytene chromosomes that were stained with an HSF antibody. We found three promoter sequences that influence the access of HSF to its binding sites: the GAGA element, sequences surrounding the transcription start site, and a region in the leader of hsp70 where RNA polymerase II arrests during early elongation. The GAGA element has been shown previously to disrupt nucleosome structure. Because the two other critical regions include sequences that are required for stable binding of TFIID in vitro, we examined the in vivo occupancy of the TATA elements in the transgenic promoters. We found that TATA occupancy correlated with HSF binding for some promoters. However, in all cases HSF accessibility correlated with the presence of paused RNA polymerase II. We propose that a complex promoter architecture is established by multiple interdependent factors, including GAGA factor, TFIID, and RNA polymerase II, and that this structure is critical for HSF binding in vivo.